Morphologically, it has been shown that dark rearing rabbit (Tootle, 1993; Masland, 1977) , a large proportion of the RGCs are light responsive by 2 to 3 days prior enlarges the diameter of RGC dendritic fields in turtle retina (Sernagor and Grzywacz, 1996) . However, no to eye opening. Figure 1A shows representative spike frequency histograms of RGC light responses from an studies have addressed the issue of whether dark rearing can modify the stratification patterns of RGC den-
ON (top), an ON-OFF (middle), and an OFF cell (bottom).
The percentage of ON-OFF cells was 3.5-fold less in drites in the IPL of mammalian retinas. There is some evidence that synaptic activation of ON bipolar cells the P27-30 group compared to the P10-12 group. Before eye opening 76% Ϯ 3.5% of the light-responsive might play a role in the stratification of the RGC dendrites (Bodnarenko and Chalupa, 1993; Bodnarenko et al.,
RGCs produced action potentials at both ON and OFF. Just after eye opening, the proportion of ON-OFF RGCs 1995). The interpretation of these earlier studies, using intraocular injections of APB to activate the metabodropped to 40.8% Ϯ 6.5%. Two weeks after eye opening the percentage of ON-OFF cells declined to 21.5% Ϯ tropic glutamate receptors (mGluR6) of the ON bipolar cells, is somewhat enigmatic, however. Namely, a later 3.5% ( Figure 1B , Table 1 ). This age-related decline in the percentage of ON-OFF cells after eye opening in study of mice having a genetically engineered deletion of the mGLuR6 receptor, which also blocks ON bipolar mice is similar to the developmental trend observed in ferret retina and to the developmental reduction in cell function, failed to find any difference in stratification patterns of RGCs (Tagawa et al., 1999) Cumulative probability plots of response dominance to ascertain whether visual deprivation affected the maturation of these pathways. To determine whether develindices show that the ensemble population of RGCs in the older age group were more dominated by responses opment and visual deprivation influenced the stratification patterns of RGC dendrites, we examined retinas at ON or OFF. These curves demonstrate that the changes in the mean RDIs ( Figure 1C ) did not merely from a mouse strain in which a fluorescent chromophore, yellow fluorescent protein (YFP), is constitutively reflect changes in a subset of cells. The plots in Figure  1D reveal that 78% of the RGCs in the P27-30 group expressed in a sample of RGCs (Feng et al., 2000) .
had an RDI Ͼ 0.8. In contrast, only 19% of the RGCs in the P10-12 group had an RDI Ͼ 0.8.
Results
These data illustrate a profound and significant agedependent reduction in the percentage of ON-OFF reAction potentials from 2312 individual RGCs were responding RGCs. This maturational change occurs over corded from the retinas of 19 different animals using a the 2.5 week period starting from just before eye opening multielectrode array (see Experimental Procedures RGCs in a state comparable to that at P10-12. In summary, these electrophysiological data show Figure 2C plots the cumulative probability of the response dominance indices for the three groups of anithat the percentage of ON-OFF cells is reduced with age over the period from just before eye opening to 2 mals. The entire curve of dark-reared animals is very close to that for the P10-12 group. ANOVA test shows weeks after eye opening. On the assumption that the ., 1995, 1999) . Given that this pruning occurs in mouse, it is plausible to asretarded the "pruning" process that normally reduces Mechanistically, the maturational alterations of ON made evident here is that the percentage of RGCs havand OFF pathways that occur after eye opening likely ing bistratified dendrites in both sublamina a and b dereflect refinements of the postsynaptic elements of bipocreases after eye opening. Similar physiological and anlar/RGC synapses. In mouse retina, the numbers of ribatomical refinements have been observed in other bon and conventional synapses in the IPL assume adult levels by eye opening (Fisher, 1979) . Therefore, the changes in synaptic signaling observed after eye opening is probably not due to a loss of bipolar cell axon terminals. Moreover, experimentally induced destruction of RGCs via optic nerve lesions has no effect on the stratification of bipolar cell axonal terminals (Gunhan-Agar et al., 2000). Although the RGC population as a whole declines due to developmentally regulated cell death after birth, the changes we observe after eye opening cannot be attributed to the loss of cells. Cell death is complete in the mouse retina by P10 (Young, 1984) . Further work will be required to ascertain whether a maturational loss in the efficacy of particular bipolar cell/RGC synapses leads to the retraction of dendritic processes from that synapse or whether extrasynaptic vitreal surface of the cell bodies were further from the inner retina ms of light termination on at least 30% of the trials, we considered than the axons (see Figure 4C for example). Preliminary measurethe unit an ON-OFF cell. In mouse retina, even though the RGCs ments in which we compared the midpoint derived from using the have center-surround receptive fields, the response to a diffuse light INL/IPL and IPL/ganglion cell border to that derived from looking is dominated by the central region (Stone and Pinto, 1993 ). On at the best focus planes as described above yielded very similar this basis, our classification reflects the response properties of the estimates. Since the focus of the TH-positive cell bodies and the central region of the RGC receptive fields.
axons was easier to see, we routinely used these landmarks as The response dominance index (RDI) was calculated following the anchor points to calculate the midpoint of the IPL. Table 2 , total of 139 cells) were conresponses were calculated from the averages. The RDI was defined firmed by reexamining the retinas taken with a confocal laser-scanas ning microscope. Confocal laser-scanning immunofluorecent images of RGCs were collected using the same 60ϫ oil objective on RDI ϭ ͉ (ON peak frequency Ϫ OFF peak frequency ) (ON peak frequency ϩ OFF peak frequency ) ͉ an Olympus FV5-PSU microscope (Optical Analysis Corporation, Nashua, NH). For cells with large laterally expansive dendritic fields, several z section images were taken at the same focus plane so the entire cell was covered. Software IPLabs (Scanalystics, Inc.,
MEA Data Analysis
Fairfax, VA) was used to align multistacks of images together, examOffline data analysis to isolate the responses from individual neurons ine dendritic branch distribution, adjust levels and curves of confowas carried out on a PC computer using Off-line Sorter (Plexon Inc, cal images, and make pseudocolor overlay images. From those 139 Dallas, TX) and NeuroExplorer (Nex Technologies, Lexington, MA). cells, three of them (2%) could not be reliably identified by visual The action potentials recorded by each electrode were first sorted examination. from the raw data on a PC computer using Off-line Sorter. During a first pass through the data, a threshold set to 68V detects the action potentials. The first and second principal components were Statistical Analysis Analysis of variance (ANOVA) was used to determine the significance calculated from the wavelets (0.5 ms before the onset to 2 ms after the onset) detected in the first pass. Action potentials having similar of difference between more than two means, and Student's t test was used to examine the difference between two means using softprincipal components form clusters in 2D plots of the principal components. We defined templates based on the cluster distributions ware StatView (Abacus Concepts, Berkeley, CA).
